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Abstract: This work proposes a simple extension of the Standard Model where a scalar
singlet and a leptonphilic scalar doublet exist. The scalar singlet could act as thermally
produced dark matter. It annihilates into leptons through s-channel and benefit from the
Breit–Winger resonance, so current thermally averaged cross-section are greatly enhanced.
The constraints from the isotropic diffuse γ-ray background and correct dark matter relic
abundance are analyzed. We find that the enhanced cross-section could fit the needed
cross-section to explain the cosmic electron/positron excess.
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1 Introduction
Dark matter (DM) plays an important role in the ΛCDM cosmology [1]. While from a
microcosmic point of view, DM particles are not included in the Standard Model (SM) of
particle physics currently. So it is necessary to consider the physics beyond the SM.
When considering the physics beyond the SM, some useful clues from astronomical
observations could be considered. In the missions of detecting cosmic rays, electron and
positron excesses have been detected below 2 TeV (between 100 GeV and several TeV) by
HEAT [2], ATIC [3], PAMELZ [4], Fermi [5] [6], AMS-02 [7], and the DArk Matter Particle
Explorer (DAMPE) [8]. Specifically, The latest observation by DAMPE inspired much
research that analyzed the exceedance of the cosmic electrons/positrons and concluded
that the excess of electrons/positrons in cosmic rays could be a signal from DM [9] [10] [11].
Although the exact annihilation cross-section of DM is unable to be known, those works
consistently reveal a gap between the thermally averaged cross-section needed to explain the
excess of electrons/positrons in the cosmic ray and the canonical thermal DM annihilation
cross-section.
A simple extension of the SM is to include a real scalar singlet. It could be the simplest
DM candidate. It may annihilate into SM particles through the operator ξφ2H2 with φ
the scalar singlet, H the Higgs doublet, and ξ the coupling constant [12]. However, the
annihilation products of the Higgs portal scalar singlet DM are not dominated by leptons.
Given this, we assume that a leptonphilic SU(2) scalar doublet also exists in nature as a
possible mediator connecting the scalar singlet with the visible leptons.
This paper is organized as follows. Section 2 introduces the proposed model. Section 3
shows that the scalar singlets could benefit from Breit–Wigner resonance and could be ther-
mally produced. Section 4 gives the constraints from the isotropic diffuse γ-ray background
(IGRB) and correct DM relic abundance. Section 5 is the summary.
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2 Model
The Lagrangian of the model is
Lint = ξηφ2(H†Φ+ h.c.) + ξl(L¯lΦlR + h.c.) (2.1)
where H is the Higgs doublet, φ represents the scalar singlet, Φ is a newly introduced SU(2)
scalar doublet which has the same gauge quantum numbers as the SM Higgs doublet, h.c.
is the abbreviation of the Hermitian conjugation, ξη is coupling constant. The last term
is a Yukawa coupling between leptons and the SU(2) scalar doublet where Ll represents
three generations of SU(2) doublet pairs of leptons, lR represents three generations of right-
handed leptons. ξl is a coupling constant which should be large enough so that the lifetime
of Φ is short enough and does not affect the evolution of the early universe. This work also
assumes that LΦ = TΦ−m2ηΦ†Φ which indicates that particles excited by Φ have the same
invariant mass, where TΦ is the kinetic term of the SU(2) doublet Φ.
Working in the unitary gauge, after electroweak symmetry breaking, the scalar doublets
can be expressed as:
H =
1√
2
(
0
v + h
)
, Φ =
(
ω+
1√
2
(η + iA)
)
, (2.2)
where v = 246 GeV is the vacuum expectation value of the Higgs field and h is the SM
Higgs boson. The SU(2) scalar doublet Φ contains two charged scalar fields (ω±) and two
neutral fields: the CP even scalar η and the CP odd scalar A. In the unitary gauge, the
term H†Φ+Φ†H reduces to η(v+h), so that although Φ has four degrees of freedom, only
the scalar field η couples to the scalar singlet. So the η involved part of the Lagrangian is
L{η} = ξηφ2η(v + h) +
ξl√
2
l¯ηl (2.3)
It finally reveals that the scalar singlet could annihilate through the s-channel: φ, φ→
η → l, l¯. This work focus on the case where mη = 2mφ − δ with mφ the mass of the scalar
singlet and δ a small positive energy so that the φ, φ→ η, h channel almost never opened.
3 Thermally produced scalar singlet
We explored the potential of scalar singlets to act as DM. As mentioned before, we fix
mη = 2mφ − δ with δ = 7.5 GeV in the rest of this paper. In Fig. 1 (a) (b) we obtained
the correct thermal averaged cross-section to acquire the correct relic abundance. The
figure reveals the enhancement of the velocity averaged cross-section caused by cooling of
the cosmic temperature T . The enhancement, also known as the Breit–Wigner resonance,
is the phenomenon that when two particles annihilate through the s-channel if the total
energy of the center-of-mass frame is close to the mass of the propagator, the annihilation
cross-section will be greatly enhanced [13] [14] [15]. Comparing Fig. 1 (a) with Fig. 1
(b), it also can be concluded that the asymptotic stability point of the velocity averaged
cross-section appears in a larger x when the mass of the scalar singlet is larger.
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(a) mφ =250 GeV
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(d) mφ =1500 GeV
Figure 1. The parameters mη = 2mφ − δ with δ = 7.5 GeV are used. The figures on
the top shows the varying 〈σv〉 which gives the correct DM relic abundance, they shows
that the 〈σv〉 is greatly enhanced due to Breit–Wigner resonance. While the figures on the
bottom shows how the abundance of DM in a comoving volume varies with the evolution
of the universe.
Define that Y (x) = n/T 3, x = mφ/T , where T is the temperature of the universe, n is
the number density of the scalar singlet. The rate of change of the massive scalar singlet
particle density is described by
d
dx
Y (x) = − λ
x2
[Y (x)2 − Yeq(x)2] (3.1)
where Yeq(x) = n
(0)/T with n(0) the particle number density in thermal equilibrium, and
λ =
√
g∗(mφ)
g∗(T )
m3φ
H(mφ)
〈σv〉 (3.2)
where H(mφ) is the Hubble expansion rate when T = mφ, 〈σv〉 is the thermal averaged
cross section, it varies with T in our model, g∗(T ) is the total number of degrees of freedom
of effectively massless particles, it also varies with T , when T = mφ it becomes g∗(mφ).
As expected, in figure 1 (c) (d), the number density of the scalar singlet in a comoving
volume approach a constant to Y∞ when x is large enough. The characteristic of our
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model appears after the freeze-out epoch (x ∼ 22 for mφ = 250 GeV and x ∼ 23 for
mφ = 1500 GeV) when the thermal averaged cross-section continue to rise, where the
asymptotic stability point of Y (x) are obviously pushed to a larger x. Comparison scenarios
in which the thermally averaged cross-sections are fixed to the value of the freeze-out epoch
are given with orange dot-dashed lines in Fig. 1 (c) and (d). It reveals that a scalar singlet
with a larger mass receives more effects from the dependence of the cross-section on the
temperature. This is because the asymptotic stability point of the velocity averaged cross-
section appears in a larger x when the mass of the scalar singlet is larger.
4 Constraints
The Milky way is distributed with DM. Annihilation of DM particles could generate γ–
rays. Then, the γ–rays could travel to the earth and could be detected by space satellites.
Fermi-LAT measured the IGRB [16]. Requiring that the γ-ray flux produced by DM could
not exceed the averaged IGRB of high latitudes (|b| > 20◦ with b the galactic latitude) [16],
this work set constraints on the coupling constants of the model.
It is suggested that the Milky way DM halo have a Navarro-Frenk-White (NFW) dis-
tribution [17],
ρ(r) = ρs
rs
r
(1 +
r
rs
)−2 (4.1)
with parameters ρs = 0.184 GeV/cm
3, rs = 24.42 kpc, where ρ(r) is the energy density of
DM at a distance of r from the Galactic Center.
The comparison strategies used in this paper are as follows. Define χ2 as
χ2 =
∑
i
(F thi − F obsi )2
δ2i
Θ(F thi − F obsi ) (4.2)
where F thi and F
obs
i denote the predicted and observed fluxes of the i–th bin respectively,
δi is the experimental error of the i–th bin, and Θ(x) is the Heaviside function. The IGRB
background based on the galactic emission model A in Ref. [16] is used. This work require
χ2 < 9 to obtain an approximate estimate of one-sided 3-σ constraint [18] [19] [20] [21].
Fixing that δ = 7.5 GeV the upper limits are shown in Fig. 2 (a) for φ, φ → e, e¯ channel,
Fig. 2 (b) for φ, φ → µ, µ¯ channel and Fig. 2 (c) for φ, φ → τ, τ¯ channel respectively with
red dashed curves.
Let Tφ0 be the present day temperature of the scalar singlet, the current energy density
of the scalar singlet is then
ρφ0 = mφY∞T 3φ0. (4.3)
Requiring that Ωφ = ρφ0/ρc < 0.22 with ρc the critical density of the universe, one can
obtain the lower limits on current thermal averaged cross-section which is shown in Fig. 2
(d) (e) (f) with blue solid curves.
DAMPE’s data also hint the existence of DM particles with mass around 1.5 TeV and
thermal averaged cross-section dominated by φ, φ→ µ, µ¯ channel around 1.39×10−25 cm3/s
[10] [11]. Fig. 2 (b) and (e) plotted the hinted point with black error bars of 90% confident
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Figure 2. Fixing that mη = 2mφ − δ with δ = 7.5 GeV. The three figures on the top
shows the constraints on 〈σv〉, and the three figures on the bottom shows the constraints
on ξlξη.
level. It could see that the hinted point is located on the line of correct relic abundance.
This should thank the Breit–Wigner resonance which increased the thermally averaged
cross-section after the freeze-out epoch and bridged the gap between the need thermal
averaged cross-section to explain the electron/positron excess and the thermally averaged
cross-section to give the correct relic abundance.
5 Summary
A simple extension of the SM is to introduce a scalar singlet as the candidate of the DM
particles. Another leptonphilic SU(2) scalar doublet is also introduced into the system
to act as the mediator of the DM and the leptons. Consequently, the scalar singlet can
annihilate through s–channel, φ, φ→ l, l¯.
Since the scalar annihilates through the s–channel, it could benefit from the Breit–
Wigner resonance. As the universe cools down, the thermally averaged cross-section is
greatly enhanced if the mass of the scalar singlet DM is about half of that of the scalar
mediator. This mechanism filled the gap that the 〈σv〉 needed to explain the cosmic elec-
tron/positron excess is larger than the expected 〈σv〉 to obtain the correct DM relic abun-
dance.
Requiring that the predicted flux could not exceed the observed IGRB by Fermi-LAT,
the upper limits of the cross-section and coupling constants are obtained. Requiring that
the thermally produced scalar singlet could not exceed the observed cold DM density of
the universe, the lower limits of the current cross-section of scalar singlet and coupling
constants of the model are also obtained. Due to Breit–Wigner resonance, a small parameter
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δ determines the enhancement of the temperature dependence 〈σv〉. This work set δ =
7.5 GeV so that current 〈σv〉 is elevated to a proper cross-section that could explain the
cosmic electron/positron excess.
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